At the present time it would seem scarcely necessary to lay emphasis upon the importance to bacterial growth and metabolism of the reaction of the environmental culture medium. That different degrees of acidity and alkalinity in media may profoundly influence the morphology, rate of fermentation, pigment production, growth, or viability of bacteria has been so thoroughly recognized that in the routine preparation of culture media as carried on in every bacteriological laboratory, the proper adjustment of reaction is carefully regulated. The use of scales of reaction such as that of Fuller, based upon adjustment to a definite "degree" of titratable acidity, has permitted a certain amount of uniformity, and in general, it may be said that these old titrimetric procedures have served a very useful purpose. But with the development, during the last few years, of the newer physicochemical conception of hydrogen-ion concentration the theory of titration has undergone a fundamental change. As a consequence many of the data obtained in earlier investigations are of little value, having been based upon unsound premises.
An adequate conception of the far-reaching biological effects of hydrogen-ion concentration may best be gained through a study of the classic works of Michaelis (1914) , ' Sorensen (1912 ' Sorensen ( , 1909a ' Sorensen ( , 1909b and Clark and Lubs (1917a Lubs ( , 1917b Lubs ( , 1917c . The following statement from the works of the last-named investigators will serve to emphasize the importance to the science of bacteriology of this modern conception of acidity and alkalinity:
Bibliography is found at the end of the third article, in this series, p. 231.
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Hydrogen-ion concentration influences the condition in solutipn of every substance with acidic or basic properties-native proteins and their hydrolytic products, amines and amides, carboxyl, sulphonic, and phenolic compounds, even alcoholic compounds, as well as many inorganic compounds. It has a large effect on the effective solubilities and dispersion of colloids, upon determining tautomeric equilibria, and in one way or another in governing the activity of catalysts such as hydrolytic enzymes and oxidases. One or the other of these effects, induced directly or perhaps indirectly by the hydrogen-ion concentration must impress bacterial life.
That the expression of reaction in terms of titratable acid or alkali does not adequately define the true reaction of a solution has perhaps best been brought out by W. M. Clark (1915a) in his admirable paper, "The 'reaction' of bacteriologic culture media." The objections to the older procedure may be summarized in a quotation from Clark and Lubs (1917a):
I The titrimetric method, designed originally for the quantitative estimation of strong acids and bases, cannot be applied to complex mixtures of very weak acidic and basic groups such as are found in the constituents of most culture media. In so far as the method is used to determine the "free acid" or to adjust to a certain degree of "free acid" it is an absolute failure when applied to culture media. There is however, an even more fundamental reason why the titrimetric method is inappropriate. Two media adjusted to the same degree of acidity may have widely divergent hydrogen-ion concentrations as shown by Clark (1915a).
With the development of the hydrogen electrode, making possible a direct measurement of hydrogen-ion concentration, some of the experimental and mathematical difficulties involved in the older methods were obviated, but there still remained to be elaborated some simpler and more rapid procedure that would be adapted to the adjustment of culture media and to the study of reaction changes in bacterial cultures. Guided by the earlier work of Friedenthal (1904) are the changes which a medium may undergo simply upon standing, following autoclaving. The variations of greatest magnitude occurred in the alkaline range and all changes were toward a more acid reaction. No consistent tendencies could be detected, therefore it was not possible to come to definite conclusions as to the reasons for the observed changes. However, the possibilities of the influence of glass and atmospheric C02, as well as of slow hydrolysis,-were suggested.
Early in the present investigation it was noted that culture media (broth) adjusted to definite PH levels underwent changes in reaction upon autoclaving, thus rendering difficult the preparation of broth of desired reaction. Consequently it was considered important to investigate these changes with a hope offinding an explanation and perhaps of discovering some means of avoiding them.
METHODS AND TECHNIC

Standard solutions
All solutions were prepared according to the methods outlined by Clark and Lubs (1916a, 1917a) from boric acid and salts which I The term acidity in the present paper signifies true acidity as expressed in terms of PH.
had been recrystallized three to five times. Triple distilled water served as solvent. The stock solutions, as well as the standard buffer mixtures, were kept in heavily paraffined, glass-stoppered bottles. Check determinations on the mixtures at the outset and after a period of seven months showed that the standard buffers, from bottles in which the paraffin was not broken, had remained constant in PH in spite of the fact that molds had developed in some of the liquids. S6rensen (1909a) reported a similar observation on solutions after nine months standing. Reference to tables 1 and 4, containing data for the two beef infusion series, reveals differences in PH changes as aresult of autoclaving. Whereas every tube of series I showed an increased acidity upon sterilization, the tubes of series IV from 5.0 to 5.8 inclusive exhibited a decrease in acidity; those of PH 6.1-7.3 suf, fered no alteration in reaction, while those lying in the 7.8-8.9 range showed a definite increase in acidity. Upon standing, the greatest changes in both series are manifest in the 8.6 and 9.0 6.2 6.2 6.4 6.2 6.1 6.3 6.2 6.2 6.4 6.2 7.1 6.9 6.8 7.0 7.0 6.8 6.8 7.0 6.7 6.9 7.0 7.3 7.1 7.1 7.2 7.3 7.1 7.2 7.3 7.1 7.3 7.8 7.3 7.3 7.6 7.6 7.3 7.5 7.6 7.4 7.6 7.6 8.1 7.8 7.7 7.9 7.8 7.7 7.8 7.8 7.7 7.9 7.8 8. tubes. These changes are in the nature of increases in acidity and are as great in magnitude as those produced by autoclaving. A possibility of this sort has apparently been overlooked by many observers. No differences worthy of mention appear as a result of storing the broth under different conditions of temperature.
Passing to the two beef extract series (tables 2 and 5) a remarkably small number of alterations are notable in one case (V).
An increase in acidity of 0.2 PR occurred in the two lots of highest PH, namely the 8.6 and 9.0 tubes. These two lots were practically the only ones to exhibit changes upon standing, the 9.0 registering an acidity change of 0.7 PH after fourteen days standing. In series II (table 2) decreases in acidity are noted in the acid and alkaline ranges upon autoclaving while within the range 6.6-7.3 the broth remained unchanged. In every lot of this series the acidity increased upon standing, the greatest changes occurring in the 6.6 6.6 6.2 6.3 6.6 6.3 6.4 6.6 6.5 7.0 7.0 7.0 6.8 6.8 7.0 6.8 6.8 7.0 7.3 7.3 7.3 7.0 7.0 7.3 7.0 7.0 7.3 7.0 7.0 7.7 7.9 7.9 7.5 7.8 7.9 7.4 7.6 7.9 7.4 7.8 8.0 8.3 8.4 7.8 7.9 8.4 7.7 7.9 8.4 7.6 7.9 8.7* 8.9* 6.6 6.6 6.3 6.2 6.6 6.5 6.4 6.4 6.3 6.2 6.6 6.6 6.6 6.5 6.4 6.6 6.5 6.4 6.6 6.5 6.5 6.9 7 0 7.0 6.9 6.8 7.0 6.9 6.8 7.0 7.0 6.8 7.3 7.5 7.4 7.4 7.3 7.5 7.1 7.5 7.4 7.4 7.5 7.8 7.8 8.0 7.9 7.8 7.9 7.8 7.7 7.9 7.9 7.8 8. 5.9 5.9 6.0 6.0 5.9 6.0 6.0 5.9 6.0 6.0 6.1 6.1 6.1 6.2 6.2 6.1 6.2 6.2 6.1 6.2 6.2 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 7.0 7.0 6.9 7.1 7.1 6.9 7.0 7.1 6.9 7.0 7.1 7.3 7.3* 7.2 7.4 7.3 7.2 7.3 7.3 7.2 7.3 7.3 7.8 7.6* 7.5 7.6 7.6 7.4 7.5 7.6 7.4 7.5 7.6 8.0 7.9* 7.8 7.9 7.9 7.7 7.9 7.9 7.8 7.9 7.9 8.6* 8.5* tained media, experience in this laboratory has not borne out these contentions. In the course of the present work it has almost invariably been found that PR determinations on a given medium distributed in different tubes check closely. Consequently this factor has at no time been seriously considered as even partially contributory to the reaction changes encountered. It has been emphasized that in the very large majority of cases the reaction change was in the direction of an acidity increase and further that the degree of variation upon standing was usually as great as upon autoclaving. In view of those findings the possibility of an absorption of sufficient CO2 from the atmosphere to account for the changes noted was considered. Experiments II and III were carried out to decide this point. 6.2 6.1 6.0 6.4 6.1 6.0 6.0 6.5 6.5 6.5 6.3 6.4 6.5 6.3 6.4 6.5 6.9 7.0 7.0 7.0 6.9 7.0 7.0 6.9 7.0 6.9 7.3 7.3 7.2 7.2 7.2 7.2 7.2 7.2 7.3 7.2 7.2 7.8 7.8 7.6 7.4 7.4 7.6 7.4 7.4 7.6 7.5 7.4 8.1 8.0
8.0 7.9 7.8 8.0 7.9 7.8 7.9 7.9 7.9 8.6 8. Experiment III. The effect of exposure of sterilized broth to an atmosphere free from C02 Tubes of the medium prepared in the preceding experiment were autoclaved and treated as follows: (1) Control, allowed to stand at room temperature. (2) Placed in a C02-free atmosphere. PH readings were made at the outset, after seven days, and after fourteen days. To obtain atmosphere free from CO2 air was drawn through a train of Woulff bottles containing concentrated NaOH, 20 per cent Ba(OH)2, and CaCl2 into a large Navy jar containing the tubes of media.
By inspecting table 7, it will be noted at once that.practically the same changes in PH occurred in both sets of tubes. This would seem to dispose of atmospheric CO2 as a factor operative in causing the increases in acidity so frequently noted in the previous experiments. Assuming that the external factors of glassware and atmospheric CO2 are not sources of change in reaction of broth media it will be necessary next to examine the internal factors, namely, the possibility of chemical changes in the medium itself. The organic components of broth media are in themselves complex compounds, which in some cases, are relatively unstable and reactive. It has long been noted that in the preparation of media precipitates occur when certain amounts of acid or base are added. In some cases precipitation occurs as soon as the acid or base is added, in other cases autoclaving seems to be required to bring down the material. Kligler (1917) has established certain zones of hydrogen-ion concentration for aqueous solutions of peptone within which precipitation occurs, and has investigated the nature of the precipitates themselves. In the acid range he believes that the material arises largely from protein substances as upon redissolving it gives reactions of proteoses and peptones, whereas in the alkaline range it is made up largely of phosphates. It is rather significant that the ranges of PH in which we find the greatest change in reaction upon sterilization and standing are those within which precipitation is apt to occur during adjustment of the media.
The role of peptone in media is two-fold. It furnishes nitrogenous food in the form of protein split products (peptones, proteoses, peptides, amino acids) and through its property of combining with acids and bases acts as a buffer. According to Rettger, Berman, and Sturges (1916) (1918) has studied rather intensively the changes in hydrogen-ion concentration which take place during the hydrolysis of certain proteins and concludes that the power to bind acids and bases resides in the -COHN-groups, inasmuch as the protein molecule does not contain a sufficient number of terminal -COOH and -NH2 groups to account for its high combining capacity for acids and alkalies. While bound up in the protein molecule these groups do not assist in the neutralization of acids and bases but during hydrolysis the bonds are opened and the binding capacity is increased.
Itano (1916a) has reported an increase in formol-titrating nitrogen in media upon sterilization and has apparently shown that at least a rough proportionality exists between the change in PH (increase) and the increase in amino acids as measured by the method of Sorensen.
With the view to ascertainiing whether or not the changes in PH found in the experiments described could be correlated with an increase in COOH groups produced through hydrolysis of the peptone or protein of the broth the following experiments were carried out: Experiment IV. The As a result of autoclaving, slight increases in formol-titrating nitrogen are manifest in every lot of broth excepting that adjusted to PH 9.2 which was the only flask to show any appreciable change in PH. The greatest increases in formol number are seen in the lots which showed little or no reaction change. No change in formol-titrating nitrogen occurs during the first seven days following autoclaving except in the 9.2 lot. Here a small increase occurred. From the results of this one experiment it must be concluded that changes in the PH of broth as a result of autoclaving and standing bear no relationship to changes in formol-titrating nitrogen. The results -are at variance with those reported by Itano (1916a) in which decreases in the hydrogen-ion concentration of broth upon autoclaving appeared to be roughly correlated with increases in formol-titrating nitrogen. It perhaps should be noted that fewer changes in PH were recorded in experiment IV than were apparent in the earlier experiments.
At present, the most logical explanation of acidity increase noted in the various experiments would rest upon the observation of Robertson that as the hydrolysis of a protein proceeds the basebinding capacity of the material increases through the opening up of the -COHN-group of the protein molecule.
